The distribution of the hyperfine fields or the resonance frequencies in metals and alloys obtained by NMR measurements have been known for a long time. Recently, new experimental data have been published about thin films for studying their chemical inhomogeneities. An example is the study on sputtered and evaporated Co-Cr layers. In this paper we report on the compositional distribution of co-evaporated Co-Cr films by using the Co spin-echo NMR technique. For comparison single source evaporated samples of Co-Cr and pure Co as well as two alloyed ribbons ("bulk" samples) have also been measured. Based on the NMR results the local Cr concentration of the ferromagnetic and less ferromagnetic regions are determined. In comparison the data from the co-evaporated films, even at low substrate temperature, have clearly shown the presence of a process-induced compositional separation. This is in qualitative agreement with the magnetic properties of the samples.
Introduction
Sputtered Co-Cr films for perpendicular recording were first mentioned by Iwasaki et al. in 1975 [1] . Although in the meantime many alternative materials have been proposed, Co-Cr is gtill the medium mostly used for application in perpendicular recording. During recent years deposited (sputtered and evaporated) Co-Cr media have been improved in many aspects and many good results have been reported on their practical use [2] .
The basic magnetic properties such as magnetization, coercivity and anisotropy depend on microstructural properties, compositional separation of Co and Cr and phase separation. These inhomogeneities are the main source for the deviation of the saturation magnetisation (M s) from the Slater-Pauling curve (see below) which gives the relation between the saturation magnetization (M s) and homogeneous bulk Co-Cr [3] .
In general most papers reported that the M s of sputtered and evaporated films, deposited at higher substrate temperatures, is found to be larger than that for bulk alloys having the same average chemical composition. Although in the literature various origins have been proposed the most likely explanation is the phase separation. Two hcp phases, which hardly occur in bulk CoCr material at low temperatures, cause compositional fluctuations along the grain boundaries as the film growth proceeds. In ref. [35] it was explained that the separation into a ferromagnetic and paramagnetic (e-Co) phases appears to be the most likely explanation. With a non-homogeneous distribution of Cr in the Co the 3d shells of Co stay unfilled. Consequently this gives rise to a high magnetic moment. The Cr-rich areas with a Cr content higher than 25 at% are non-ferromagnetic and are too small to compensate for this high M s. As a result, the average value of M s for a Co-Cr film with a compositional separation becomes higher.
0304-8853/93/$06.00 © 1993 -Elsevier Science Publishers B.V. All rights reserved Very frequently such a compositional inhomogeneity shows the so-called CP structure [8] [9] [10] [11] [12] within the Co-Cr grains. In such layers the compositional fluctuation have been clearly demonstrated by a selective chemical etching method (e.g. ref. [8] ). Very recently NMR studies of such compositional inhomogeneities in sputtered CoCr have been published [13] and the results are consistent with the model of compositional separation as mentioned above.
Two different types of thin obliquely evaporated Co-Cr films have been prepared. In one type the deposition of Co-Cr was made from one alloyed source and in the other type coevaporated films were made in which two vapour beams being directed from opposite directions, one source containing Co and the other Cr. Shadowing effects during deposition play an important role in the nucleation and growth of the layers. In the case of the co-evaporated method the geometry of the deposition induces separated regions that are Co-and Cr-rich. Consequently this enables us to deposit Co-Cr films consisting of a so-called process-induced compositional separation which shows enhanced perpendicular magnetic properties, even at low substrate temperatures [4] [5] [6] [7] . This is in contrast with sputtered Co-Cr films which have always been deposited at elevated substrate temperatures in order to obtain the necessary magnetic properties which are in general caused by the pronounced compositionally separated state of the samples. It has been shown for sputtered films that a compositionally modulated structure of ferromagnetic Co-rich and less-ferromagnetic Cr-rich phases appears [8] .
An alternative method for preparing Co-Cr films for high density recording is evaporation [14] , using a continuous roll-coater deposition. Again in this type of film a spatial distribution of Co and Cr has also been measured. It has been shown by NMR and TEM in combination with selective etching [14, 15] that the compositional distribution is shown in a CP structure.
In the above-mentioned research on evaporated and sputtered layers, NMR has shown to be a very useful tool for determining the various compositions of thin Co-Cr films.
NMR measurements
Applying the NMR technique very precise measurements are possible of the distribution of the hyperfine fields or the resonance frequencies in metals and alloys.
Hyperfine interactions (interactions between electrons and nucleus) have been studied since Pauli's postulation on the existence of a spin-angular momentum and an associated magnetic nucleus moment [16] . The magnetic hyperfine interaction was first given by Fermi using the Dirac relativistic theory for the electron. Later this theory was extended for multi-electron contributions to the hyperfine interactions. One of the wellknow experimental techniques for studying the hyperfine interactions is the application of the M6ssbauer effect. This method can be used for many applications because it does not make use of an rf field, which is needed in the NMR technique. Due to the fact that the energy associated with the nucleus-electron interaction is very much smaller than that needed for electron-electron interaction in ordered magnetic materials a simplification in the theoretical approach as proposed by ref. [17] is permitted. Here the nuclear energy may then be written as:
where m is the magnetic quantum number of the nucleus, /~n is the nuclear moment, I is the nuclear spin and H n is the field established by the electron magnetization.
Nuclear resonance can be obtained when the quantum energy in the rf field hv = AE. Here AE is the energy splitting (= IxnHn/I).
The transition probability can be calculated from the resonance theory and it is found that for a resonance of 59Co the fractional energy absorption should be about 10 -5 . Experimentally an enormous enhancement is found in relation to the computed value namely 5 orders of magnitude greater. The reason for the enhancement is that the resonance is not driven by the external rf field directly (from the coils used around the sample) but indirectly by the nuclear-electron hyperfine coupling. The effect of a transverse rf field within the limit that the electron and nuclear spins are decoupled is to turn the electron magnetization M through an angle Hx/H a, whereby H x is the external rf field and H a the static anisotropy field acting on the electrons. The transverse magnetization than will be M x = MHx/H a. The nucleus then experiences a transverse field [18] :
The transition probability, and thus the absorption rate, will then be enhanced by the factor (1 + Hn//Ha )2. In the case of pure Co fcc, Hn is 215 kOe and H a=1 kOe which gives an enhancement factor of 4.7 × 10 4.
It can be concluded from this that nuclear resonance excitation in ferromagnetic materials takes place indirectly from the sample magnetization.
Associated magnetic moments of the spins of the nuclei are measured by the unit of the nuclear magneton, which is given by: In which f is the resonance frequency (MHz), g is the g-factor which has a value 1.31 for pure Co. Using the above-mentioned formulae we can calculate the hyperfine fields and in the case of Co the measured frequencies have about the same value as the calculated hyperfine fields. In general for 59Co nuclei in fcc Co a frequency of 217
MHz and for hcp Co 220-228 MHz has been measured. The exact frequency depends on the crystal structure, morphology and chemical inhomogeneity. These frequencies are roughly in agreement, respectively, with hyperfine fields of 215 and 218-226 kOe, measured at 4 K.
In conclusion the hyperfine fields and thus the echo frequencies and their peak widths depend on many factors such as: crystallographic structure, chemical inhomogeneities, crystal faults, the average magnetization (proportionally) and stress. All those factors make it clear that we have to be careful with the interpretation of measured spectra of practical samples from which only a few of these aspects are known in general.
NMR experimental conditions
In this study a 59Co NMR spin echo equipment, developed at NTT [21] , was used in which a variable frequency spin-echo pulse at liquidhelium temperature was measured. The amplitude was detected as a function of the frequency which was directly related to the local hyperfine field of the material. All measurements were carried out at zero external field. The principle of the measurement is the creation of two sequential pulses of rf excitation to the material and measuring the spin echo amplitude as a function of the resonance frequency. The rf pulse width was 1 Ixs and the separation between the two pulses 15 Vs. The applied rf field is less than about 25 Oe anddepends on the size and shape of the measurement rf coil around the sample. Keeping the width and separation of the pulse constant the maximum echo was adjusted by the pulse amplitude. The echo intensity was plotted vs. the measured frequency f. In order to correct the echo intensity for the enhancement and Boltzmann factors [22] it is divided by f2. In order to improve the reproducibility of the frequency measurement, the impedance mismatching in the transmission line of the equipment was decreased by connecting two 6 dB attenuators to the in and output connections of the sample holder.
The use of standard samples
The keypoint in the interpretation of NMR data is the use of standard samples to characterize the various NMR spectra. In most cases powder samples are used as references for the interpretation of the spectra measured from alloys, because these samples are much closer to the equilibrium state and their atoms are expected to be more uniformly distributed than in the case of the deposited (Co-Cr) alloy films. The spin-echo frequencies of powdered Co-Cr [13, 15] , sputtered [13] and evaporated Co films as well as data for fcc [23] and hcp [19, 20] Co-bulk materials are presented in fig. 1 as a function of the average at% Cr. It can be concluded from this figure that for a pure Co material the main echo frequency can be varied between 217 and 226 MHz. This is due to various reasons, namely the preparation method, purity, morphology and microstructure.
In binary hcp Co alloyed polycrystalline sampies it was shown by ref. [20] that NMR spectra at 4.2 K for each alloy consists of a main line and satellite lines. A main line and satellite lines are also found in Co-alloys having an fcc structure and measured at 77 K [24] . The origin of these lines has been discussed by ref. [25] . The origin of the main line in powdered hcp Co (228 MHz at 0 K) was first described by ref. [26] as originating from the resonance coming from the nuclei in the domain wall. In single-crystal specimens [19] and polycrystalline samples [20] of hcp Co a domainwall resonance frequency of about 225.5 MHz and a domain frequency of 220.5 MHz were reported.
The peak frequency and the peak width of the various Co alloy samples mentioned in the literature is rather complicated to understand since there are additional signals originating from mixed phase and fault structures [27, 28] , aging effects [29] , deforming of Co-powders [30] and pressure dependence [31] .
The influence of impurity atoms, Cr in this study, on the echo frequency is very important. A model is chosen based on an asumption that Cr is only situated as a completely isolated atom and the hyperfine fields are not affected by the impurities located further than the nearest neighbours (NN). Cr supplies a large number of electrons in the 3d band of the Co host material which leads to a redistribution of electrons in the NN sites of the Co atoms around the Cr. The moments of these Co-atoms surrounded by Cr are smaller than those from the isolated Co [24] .
Powdered samples have been used up to now for calibrating the Co-Cr deposited films. The experimental data of this type of sample given in refs. [13, 15, 24] , consisting of 0.6-22 at% Cr, have shown the same tendency for the peak profiles although there are remarkable differences. In x Co-Cr powder [13] ÷ Co-Cr powder [15] • sputtered Co film [13] • oblique evaporated Co film, this study fcc Co powder [23] [3 hcp Co, wall resonance [ 19] general (see fig. 2 ) a slightly diluted Co alloy consists of a main line and satellites. The origin of the main line is from the Co nuclei without any Cr NN. The first satellite line appears at about 177 MHz and is caused by Co nuclei that have one Cr atom at their NN site. This satellite peak already occurs at an average at% Cr of about 1-2%. When the Cr at% increases to about 5% a second satellite peak appears at a frequency of about 130 MHz. In this case 2 Cr atoms are acting at the NN site of Co nuclei. The third satellite line which appears at about 11 at% Cr arises from three NN Cr atoms around the Co nuclei. In the case of Co-Cr the frequency intervals between the satellites and the main line is about equal to 40 MHz.
It is also shown that the main-line intensity and position change due to the increasing percentage of Cr. The effect of an increasing Cr amount becomes visible in the appearance of satellite peaks and a lower intensity of the main peak. Further, the main peak shifts slightly to smaller frequency and its width becomes larger (see also section 4). At 13% Cr even the first satellite can become higher in intensity than the main line. At 22 at% Cr the spectrum becomes very broad with its maximum at about 80 MHz. In the last case the individual main and satellite lines cannot be distinguished due to the overlap.
Co-Cr phase diagram
There has been much literature published on the Co-Cr binary phase diagram; the most important ones for so far being the diagrams of Elsea [32] , Grigor'ev [33] and Alibert [34] . Recently a complete overview and new data were published by Ishida and Nishizawa [35] .
With respect to the application of Co-Cr as thin-film media for magnetic recording the most interesting area of the phase diagram is around the temperature range from room temperature to 1000°C. Furthermore the compositional area of interest is <35 at% Cr. In this part of the diagram two phases, a-fcc and e-hcp are represented. It can be seen from the latest published phase diagram [35] that even at 35 at% Cr a hcp e-Co can exist (see fig. 3 ). There can be two phases, one with a high Co-rich composition (ferromagnetic) and the other with a high Cr-rich content (paramagnetic). The phase diagrams are based on an equilibrium process and achieved from thermodynamical calculations. The thin-film materials discussed here are made by deposition which is by definition a non-equilibrium process. In this case a very important factwas assumed in ref. [35] , namely the phase diagram at high Co concentration below 800°C is very complicated because sluggish diffusion inhibits the equilibrium. It is known, for instance, that during sputtering the surface temperature of a grown film is quite different from that of the substrate [36] . The bombardment exerted by various particles from the plasma on the surface results in a much higher temperature at the surface. This and also the increase of substrate temperatures, ion-assisted deposition and geometrical deposition effects can stimulate the compositional inhomogeneity state of the thin film.
Various preparation techniques used in this study
In order to make a comparison we have measured pure Co and Co-Cr obliquely evaporated films, Co-Cr co-evaporated films and alloyed ribbons having two different compositions.
Evaporated films (single source)
At a pressure of 10 -7 Torr a small amount of Co80Cr20 was evaporated by one e-gun on a Si substrate. As a function of time various samples have been deposited which resulted in a series with a variation of the composition of 13-31 at% Cr (due to the higher evaporation rate of Cr from the alloy source). The deposition was mostly car- 
Co-evaporated Co-Cr layers
The deposition was carried out in the same high vacuum system as mentioned above but in this case we used two e-beam sources. The angle of incidence, defined as the angle between the vapour flux and film normal was 27.5 ° for both Cr and Co vapour. The substrate was located in the common evaporation plane (defined by the two vapour-flux directions). Two deposition temperatures were used, namely ambient temperature and at 400°C. Heating of the substrate was carried out by infrared radiation and caused a process temperature (T O ) as mentioned.
The layer thicknesses we have investigated were 400 and 700 rim. The deposition rate was 0.4 nm/s. The average Cr content, determined by XRF, was measured from 22-28 at%. a columnar morphology inclined towards the direction of the CO source. The angle depends on the substrate temperature and is 14-15 ° for the ambient temperature and 8-10 ° at 400°C. From XRD measurements it can be concluded that all films have the hcp structure. As for the one source samples we have observed the same tendency namely the HT samples have larger d0o 2 values. Details about microstructure and magnetic properties are given in ref. [7] .
Ribbons
Two kinds of ribbons (20 and 27 at% Cr) with thicknesses of 20-30 Ixm and widths of 6-10 mm were prepared by a spun-melt method. The exact compositions, measured by XRF were 19.8 and 27.2 at% Cr, repsectively. It was found from X-ray diffraction that both compositions were crystallised [38] . The M s for the 20 and 27 at% Cr ribbon was 180 kA/m (which is much lower than the value of 228 kA/m expected from a random distribution) and 8 kA/m, respectively (which is close to the expected value for bulk material, namely zero).
Random distribution model of Co-Cr
The relation between the M s vs. the at% Cr in Co can be represented by the Slater-Pauling curve [39] . In fig. 4 we used the data from Haines [40] to compare our experimental data. In the random Co-Cr alloy the Cr atoms are not distributed in the most suitable way for reducing the M s of the alloy. Therefore the maximum local content of Cr for this distribution is much higher than in the case where Cr-Cr bonds are not present. The next line in fig. 4 shows the latter behaviour and it can be seen from this that the M s becomes zero at 25 at% Cr based on the fact that for bulk material the measured M s for this composition was zero. Consequently 4 Cr NN in a hcp lattice make the final M s zero.
In the case of deposited Co-Cr films it is possible that a random distribution assembly of Cr atoms can be present in one area while in another area only a low concentration appears.
For a given hcp structure of Co-Cr and a certain composition using the random distribution model one can calculate the frequency spectrum expected for spin-echo NMR based on a measured spectrum of a sputtered Co film (see fig. 5a ). The spectra for 20 at% Cr (randomly distributed in the hcp Co) and 24 at% Cr are shown in figs. 5b and c, respectively. These results from a simulation program are obtained under the following assumptions:
1. The satellite peaks appear periodically in frequencies with a 40 MHz interval. This is qualitatively confirmed for the first and second satellite peaks by refs. [15, 24] but not yet for the following peaks. 2. The main and satellite-peak frequencies change with the same concentration dependence. 3. All the resonance peaks (Gaussian shaped) have the same peak width and the same concentration dependence of each peak width.
For assumptions 2 and 3 the following should be mentioned: the satellite spectra have very complicated shapes as shown by ref. [15] because of the atomic configuration of non-magnetic nearest neighbours. The peak width for satellite peaks should be much broader than the main-peak width. Due to the fact that we do not have reliable data for the satellite-peak widths and the concentration dependencies we cannot incorporate these into our simulations. Another point is that at present we did not take into account the fact that the integral intensity of satellite peaks depends on the atomic configuration of non-magnetic NN as described by ref. [23] . Because our simulations are based on a very simple approach they can only be used, especially at the low frequency regions, as a rough estimation. A very broad resonance peak containing the resonance lines of the various compositions available in a particular composition can be observed from the simulated data shown in figs. 5b and c. It can be seen that the peak shifts to lower frequencies when the amount of Cr increases.
If we now combine the same pure Co volume and 24 at% Cr (randomly distributed) then a spectrum as shown in fig. 6a appears. A composi- tively given in fig. 6b . The main line is slightly decreased in frequency and the width is larger than the pure Co peak (see fig. 5a ).
In fig. 6c a further simulation is given of a sample having a large volume of 8 at% Cr and a part with 28 at% Cr. If we change the large volume to a lower random composition, for instance, 2 at% Cr then fig. 6d is simulated. In this spectrum the main peak is closer to the pure Co and the intensity is again much higher in relation to the satellite(s).
Taking the above-mentioned comments about the simulations into account we still think that the presented simulations are very useful to obtain an idea about what can be expected in the various samples. Care must be taken when using them to explain exactly the composition of compositional distribution of the experimental data. There are too many sources that influence the actual samples which are not incorporated into the simulation program. For instance, experimentally, we always found lower intense satellite peaks than with the simulated spectra. tional inhomogeneity partly consisting of pure CO and 4 compositions (2-8 at% Cr) and a larger part of randomly distributed 24 at% Cr is qualitaWe have measured a series of single-source Co-Cr samples having various compositions, 4 co-evaporated films with two thicknesses namely 400 and 700 nm prepared at room temperature (RT) and 400°C. As calibration samples we used two Co-Cr ribbons of 20 and 27 at% Cr and an evaporated Co-film.
Experimental data of this study
The saturation magnetizations (M s ) of the samples are plotted in fig. 4 together with the lines calculated according to ref. [40] . It can be dearly seen that for all deposited films the M s is higher than the random distribution line. Consequently they all are in an inhomogeneous state. The two ribbon samples have their magnetization under the random distribution line. It can be concluded from this that they have a more homogeneous composition. There is also a difference in magnetic properties between the co-evaporated and the single-source samples: M s (at% Cr) is slightly larger while H c_L is much larger for the co-evaporated samples.
For NMR measurements usually two samples of the same evaporation charge have been measured. In the case of co-evaporated samples NMR was carried out in two directions for two samples namely in the plane of evaporation and perpendicular to that plane. This was done to confirm the influence of the morphology on the NMR spectrum. It has been shown earlier [6, 7] that the evaporation geometry causes different morphologies in both directions which consequently shown different magnetic properties. NMR measurements in both directions have shown no significant difference.
The magnetic properties of the samples are characterized by VSM and torque measurements. The average compositions have been determined by XRF.
Co-Cr ribbons and evaporated Co film

Co-Cr ribbons
Looking for an alternative calibration we prepared two Co-Cr ribbons containing an average composition of 20 and 27 at% Cr.
Simulations, for 20 and 28 at% Cr, based on the random distribution model have been carried out (see fig. 7 ). The 20 at% curve ( fig. 7a ) is based on 2 Cr NN and the 28 at% ( fig. 7b) on 3 Cr NN. The NMR peak maximum for 28 at% Cr is about 67-70 MHz. On the contrary the 20 at% Cr shows its maximum at an even higher frequency namely 112-115 MHz. The peak width of the 27 at% Cr ribbon is smaller.
The experimental NMR spectra for both compositions are given in fig. 8 . The main line fre- quency is about 35 MHz for both compositions but the peak width of 27 at% composition is smaller than for 20 at% Cr and shows a peak at 120 MHz coming from the sample holder (see later). In the case of the 20 at% Cr sample the main peak is too broad to detect the 120 MHz peak. The fact that the measured resonance frequency is much lower than the simulated one indicates that the ribbons have a much more homogeneous composition that a random distribution. Consequently they are closer to a distribution containing no Cr-Cr bonds. This is also supported by the low M s values (see fig. 4 ). Measurements showed that the signal intensity for the 20 at% Cr sample is 7 times higher than for the 27 at% Cr. This is also mainly due to the fact that the M s of the latter is nearly 0 at RT (8 kA/m) while the 20 at% sample has an M s of 180 kA/m. It can be seen from the 20 at% Cr spectra that the peak is much sharper than those for powdered samples having a similar composition (see fig. 2 ). Besides this, the peak also shifts to a much lower frequency indicating a much more homogeneous contribution of the Cr in the Co.
Co film
A pure Co evaporated film has also been obliquely deposited (ai= 27.5 °) and the NMR spectrum is given in fig. 9a . In comparison the data for a sputtered Co film by ref.
[41] is also shown ( fig. 9b ). As can be seen there is nearly no difference between both types of films. Because the evaporated one has also been measured at low frequencies we can clearly observe the 120 MHz peak which is caused by Co in the plated Ni layers of the sample holder (refer also to section 5.4).
Evaporated films with a single source
The following can be concluded for the singlesource films. Although all films show a compositional separation as indicated by the measured M s value it should be realized that they have various stages of compositional separation. The very low M s sample (high Cr content) only shows a broad spectrum without any echo frequency except at 120 MHz. The spectra for the other samples are given in fig. 10 . Based on the average composition the 13.2% and the 18.6% sample show a trend from which the frequency shift of the main and satellite peaks can be explained as follows. With increasing Cr content the resonance frequency of the main line decreases and the width of the peak increases. Further the first satellite peak increases its intensity with respect to the main line. The first satellite of the high temperature sample is small and the frequency of the main line is higher than for the ambient temperature samples. This indicates that its state is less homogeneous and the amount of Cr in the Co-rich ferromagnetic area is less. Of course, due to the higher deposition temperature (400°C), it was already expected to have the highest compositionally separated state (see also table 3). This fact is also supported by the highest H c ± which is caused by more pinning sites of the domain wall or a combination of domain-wall motion and rotation. Fig. 11 shows the 4 NMR spectra for the co-evaporated Co-Cr samples having thicknesses of 400 and 700 nm prepared at RT and 400°C.
Co-evaporated samples
All samples (thick and thin) show the main peak at a frequency between 223 (RT) and 217 MHz (high temperature) which means that they have a very inhomogeneous composition with almost pure Co-regions. Comparing the ambient (RT) and high-temperature (HT) samples we came to the conclusion that the latter has more inhomogeneity (higher hyperfine field).
Based on NMR main-line frequency Yoshida et al. [37] introduced a method to calculate the ferromagnetic and less-ferromagnetic part. For this estimation the average Cr content and the M s as function of the Cr content should also be known. The average Cr content Car can be determined by XRF and is given by Cav = CfVf + CiVl, in which Cf and C~ are the local Cr concentrations of the ferromagnetic and less-ferromagnetic regions. In this terminology the ferromagnetic volumepart concerns a Co-rich component without any Cr atoms among the next neighbours of Co. The concentration Cf is taken from the NMR data for powder Co-Cr and M s (at% Cr) as well.
The sum of the volumes of both regions (Vf + V l) is one. The M s of the whole film, measured by VSM is in fact the product of M s × Vf (here M s is the local saturation magnetization of the ferromagnetic region on the Cr concentration). Table 3 gives the results for RT and HT Co-Cr samples. All data show a Co-rich component. The volume part of this component is larger for the high temperature samples than for the room-temperature ones. Consequently a higher compositionally separated state occurs in the HT samples. Looking to the Cf data from table 3 it can be clearly concluded that this value is lower for RT as for HT co-evaporated values. The latter is smaller than the Cf values in the single source samples. The data from the ferromagnetic region dearly proves the existence of process-induced compositional separation. Furthermore it is interesting to mention that the He± of the single source samples (see table 1 ) are lower than those for the co-evaporated ones. But we have to keep in mind that at% and film thicknesses are not the same in both type of samples.
The 120 MHz peak
All spectra discussed, including the ribbons and pure Co film, show a sharp peak at about 120 MHz. It was recently found that this peak originated from a material component of the sample holder.
Conclusions
Independent of the preparation technique de-
posited Co-Cr films have shown a main-line and satellite line(s) which can be interpreted as inhomogeneous compositions. In single source evaporated samples a high temperature is needed for evaporated better magnetic properties, i.e. higher coercivity. It has been shown for co-evaporated films that even at room temperature this stage can be reached. 2. Using VSM, XRF and NMR data we have shown that in our co-evaporated films deposited at room temperature a compositional separation occurs which we call a process-induced compositional separation.
3. The volume part of the Co-rich component increases with deposition temperature for the co-evaporated samples. There is a decrease of this volume part for the single-source samples which is caused by the very high Cr content of the high temperature sample. 4. The Co-Cr ribbons used in this study are better for calibration than the powdered samples that have been used up to now. They appear to be more homogeneous than the powder samples. 5. The evaporated pure Co sample shows a frequency of the main line which can be compared with the literature data of bulk Co sampies. Furthermore there is no significant difference between evaporated and sputtered Co films.
